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Calculi, types and applications
Essays in honour of M. Coppo, M. Dezani-Ciancaglini and
S. Ronchi Della Rocca
Preface
The 60th birthdays of Mario Coppo, Mariariangiola Dezani-Ciancaglini, and Simona Ronchi Della Rocca all fall
between 2006 and 2007. These three researchers are widely known in the world community of theoretical computer
scientists, and especially among the researchers in λ-calculus, type theory and semantics of programming languages.
Owing to the significance of their contributions, the impact of their ideas and the large number of coworkers and
students they have, we wish to honour them with the present collection of essays, covering most of their favourite
topics, also showing how far the concepts and results originating from their works have gone.
Our aim has been to illustrate both the past of the type assignment, the intersection types and the λ-calculus by
presenting old results with new proofs in a new light; and to have a look at what is going on in these fields, since
the original nucleus of the types for the λ-calculus has been widened encompassing object and process calculi, linear
logic and implicit complexity.
All of the present contributions have been invited, staring with a small group of coauthors of Coppo, Dezani and
Ronchi. The number of papers has grown rapidly, as the news of our collection circulated, and other relevant themes
were also suggested especially with regards to the most recent developments. The resulting collection is therefore
the merit of the contributors, whose work has been submitted to a rigorous process of refereeing, and of the referees
themselves, who provided criticism as well as suggestions to improve the papers. The absence of many researchers in
the field is mostly casual, only due to the lack of space and to the poorness of our forces.
Torino, December the 20th, 2007
The editors,
Stefano Berardi, Ugo de’Liguoro.
Scientific biographies of Coppo, Dezani and Ronchi Della Rocca
Mario Coppo, Mariangiola Dezani-Ciancaglini and Simona Ronchi Della Rocca have been students of Corrado
Bo¨hm in the early 70’s, and became full professors of Computer Science at the University of Torino, where they have
been and are members of the “λ-group”, still the strongest Italian group in the field. The λ-group born in 1970, when
Corrado Bo¨hm was called by the University of Torino for starting the studies in Computer Science. The first members
of the group were Dezani and Ronchi. Zacchi joined the group in 1971, Margaria in 1972, Coppo in 1974. Bo¨hm left
Torino to Rome in 1974, and though the cooperation between him and his former students continued for long, since
1974 the λ-group is led by his former students Coppo, Dezani and Ronchi. Venneri joined the group in 1978, and she
was part of it until 1995. In spite of its small size, the λ-group has been rather active since its early days. The main
subject of investigation has been the study of λ-calculus, considered as a paradigm describing the ideas underlying
the notion itself of computation. The papers of the λ-group in the period 1970–1980 concern arguments which are
today classic in Type Theory: the treatment of bound variables, the fixed point definitions in λ-calculus and functional
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programming languages, the representation of data structures in programming languages, and also a characterization
of subclasses of strongly normalizable λ-terms.
From 1980 to 1999, that is along almost 20 years, the main interests of the λ-group were the λ-calculus, type
assignment (intersection types, simple types, polymorphic types), and semantics of λ-calculus, based on various kinds
of models, in particular filter models. A way to understand the issues of the λ-group in these twenty years is to compare
them to Bo¨hm’s research topics. The most notable add-on w.r.t. the latter is the interest in type assignment, which
eventually became prominent with respect to the study of untyped programs started by Bo¨hm. Of the common part of
longstanding research work of Coppo, Dezani and Ronchi in this period, it is worthy to mention the introduction of
intersection types, a fruitful extension of Curry’s assignment system allowing for a deep understanding of the relation
between syntax and semantics of the λ-calculus. This led to the results known as approximation theorems, to the
studies on typability and principal type schemes for polymorphic systems, to the construction of filter λ-models. A
joint relevant result concerned the characterization of the semi-separability of finite sets of untyped λ-terms.
Many people joined the group in this period. Honsell was part of the group from 1981 to 1985, as researcher.
Giannini and Berardi arrived as researchers in 1986 and 1988 respectively. Moreover many people started their careers
as Ph.D. students inside the λ-group. Cardone and Damiani have been students of Coppo. Barbanera, Alessi and
de’Liguoro have been students of Dezani. Ronchi had as students Roversi and Pravato. Dezani and Ronchi have been
co-advisors of Liquori, and Dezani has been co-advisor (with Henk Barendregt) of van Bakel. Bono has been student
of Venneri. Almost all of them are professors today. Honsell is the Dean of Udine University, Cardone is at Milano
University, Giannini at Est Piedmont University, Barbanera at Catania University, Alessi at Udine University, Liquori
at INRIA in Sophia Antipolis, van Bakel at the Imperial College in London, Berardi, Bono, Damiani, de’Liguoro,
Roversi at Torino University. Moreover Giovannetti arrived, as associate professor, in 1995.
Around 1999, the interest of computer science community started to include object-oriented languages and
computation over the web: mobile processes, ambients, object re-classification, security problems, session types. The
long experience of part of the λ-group in the study of binders and type assignments was redirected to these new goals.
In particular Dezani and Coppo started to work in this new directions. On the other side, the introduction of Linear
Logic and of the Light Logic offered a new point of view for a deep understanding of the foundational aspects of both
the syntax and the semantics of computation. The scientific interests of Ronchi went in this direction.
In this last period Paolini, former student of Ronchi, joined the group as researcher. Moreover Coppo, Dezani and
Ronchi are actually following a further group of Ph.D. students.
The λ-calculus continues to form a common kernel of interests of Coppo, Dezani and Ronchi, but, as cited before,
each of them has pursued her/his own investigation into several aspects of the semantics of calculi and type systems,
which however are the continuation of their common interests and works. Therefore, at the price of some overlapping,
it seems better to follow the developments along the intellectual biography of each author.
Mario Coppo got his master in Electronic Engineering in 1972, and his interest in Computer Science came from
his first experiences with the use of computers in real-time applications for experimental physics, and from his study
of the Theory of Information as a branch of engineering. In fact his former interests and works were not about λ-
calculus, as witnessed e.g. by [11,12], and also by the subsequent [17,20,38,39]. Today Coppo is the leader of the
research group “Program analysis, synthesis, and transformation”.
In 1974 Coppo joined the lambda group, and he won a position as Assistant Professor in Salerno in 1975, but after
one year, in 1976, he came back to Torino.
An earlier work by Bo¨hm, Coppo and Dezani is [26], concerning termination for λ-terms, a topic which Coppo
resumed much later in a typed setting, with his papers on strictness and totality analysis. The paper [33] of Coppo,
Dezani and Ronchi, on separability for λ-calculus, was still in the line traced by Bo¨hm, but with the relevant issue of
relaxing the requirement of separating normal forms only, and exploiting instead the approximation structure of Scott
D∞ model and Wadsworth’s ideas.
Almost all the subsequent studies of the pure λ-calculus essentially relied on type assignment systems, extending
the original Curry system to characterize the functional behaviour of terms. In [43] Coppo and Dezani defined the
notion of intersection types, a relevant and original research topic of the λ-group, a crucial issue in type assignment
for programming languages ever since. In a few years, the basic results about intersection types were found. In [37]
Coppo, Dezani and Salle´ introduced a universal type Ω , which later played a central role in dead code analysis. In
[48], Coppo, Dezani and Venneri proved that intersection types can characterize normalizing and head normalizing
λ-terms. The same authors in [45] (but this second paper was published first) proved the principal type schema result
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for intersection types, and introduced the first version of what has been later named the “Filter Model”, a natural
semantic counterpart of intersection types, which became a crucial tool relating λ-calculus syntax and semantics. The
topic of filter model was the central issue of the JSL paper [54] by Barendregt, Coppo and Dezani.
In 1982, Coppo became Associate Professor. Since the early eighties, Coppo had other research interests beside
those in his joint works with Dezani and Ronchi. The paper [60], authored by Coppo alone, uses the P(ω) model to
prove completeness of typing for simply typed λ-calculus in all continuous λ-models. In the same years Coppo wrote
several papers about the semantics of polymorphism. One of them is a joint work with Giovannetti [57].
After becoming Full Professor in 1987, Coppo wrote important papers with many members of the λ-group.
Coppo’s interest on recursive types dates back to 1985 [67] and was suggested by his earlier works on continuous
λ-models. He introduced a new method for solving fixed-point equations on types, through a concrete construction
on a D∞ Scott model. In particular with Cardone, he wrote the relevant paper [89] on recursive types. This research
thread and this cooperation continues even today, with the paper [148] in FoSSaCS 2001, and the paper [172] with
Cardone in ICTCS 2003.
With Giannini, Coppo continued his research on intersection types: after defining a relevant subsystem, the “simple
intersection types”, he wrote the paper [93] with a complete inference algorithm for this system, then the IC paper
[109], about Principal Types and the Unification problem for the same system. In this period, the interest of Coppo
broadened to the applications of type theory and λ-calculus. He produced the paper [97] about the relations between
filter models, abstract interpretation and strictness analysis. Both techniques are applications of Scott’s domain
semantic to the optimization of programs.
Working together with Berardi, Damiani, and Giannini, Coppo produced a long thread of papers about applications
of non-standard type assignment to optimization problems for functional languages, mainly dead code analysis and
strictness analysis: SAS 1996 [113], TACS 1997 [120], SAIG 2000 [141]. The idea is that, for instance, if we can
assign a type Ω to a subterm then this subterm is dead code. This thread culminated with the TCS paper [160], again
including a completeness result about P(ω).
Coppo started in 2001 another research thread on mobile processes, a joint work with Dezani. Among the first
papers in this thread of research we mention [162,161]. These two papers are semantic in nature, looking for a fully
abstract model for mobile ambients, using intersection types. They come from Coppo’s previous interest in complete
models for simply typed λ-calculus. From 2003 his interests focused on design of type systems for mobile processes
and programming primitives for web applications. The type system presented in [173] has been further developed (see
e.g. [186,195]) to include local and dynamic features. Another recent research project concerns the development of
languages and type systems for communication based programming (see e.g. [213]).
A main concern in all of the scientific work of Mario Coppo has been the study of the foundational properties of
calculi modelling computations with the aim of developing formal logical tools, as well as type systems, to reason
about them.
Mario Coppo has been the leader of the Torino unit in the TYPES European project from 1989 to 1999 and he
has been the organizer and editor of the Proceedings of some annual meetings [112,184]. He has also been editor of
the proceedings, as well as member of the PC, of other Theoretical Computer Science conferences and leader of the
Torino unit in national research projects. Since 2003 he is a member of the National Council of the Italian Chapter of
EATCS (European Association for Theoretical Computer Science).
Mariangiola Dezani-Ciancaglini got her master in Physics in 1970. All her career has been in the University of
Torino, where she became full professor in 1981, and she leads the research group “Types for higher-order, concurrent,
and object-oriented processes”.
In spite of the apparent static shape of the academic career, one cannot imagine a researcher more widely known
in the scientific community and more often travelling, being invited to visit academic institutions and scientific
research centres around the world, than Dezani is. Indeed she is a member of IFIP WG 2.2 on “Formal Description of
Programming Concepts” since 1984; member of the Editorial Board of “Information and Computation” since 1991;
member of the “Academia Europaea” since 1994; member of the LICS Advisory Board from 1997 to 2003; member
of the EATCS (European Association for Theoretical Computer Science) Council from 1998 to 2005; member of
the Steering Committee of ITRS since 1999; coordinator of the IP since 1999; book review editor of The Computer
Journal since 2000; member of the ASL (Association for Symbolic Logic) Executive Committee since 2005; chair
of the Steering Committee of TLCA since 2005 (member of this committee from 1993); member of the Steering
Committee of DCM since 2006; one of the founders of the AILA (Italian Association of Logic and Applications)
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and member of its Council from 1983 to 1999; one of the founders of the Italian Chapter of EATCS and President of
its Council from 1998 to 2003. Dezani has been a member or chairman of program committees of 40 international
conferences (CSL, ESOP, FOSSACS, ICALP, ICFP, LICS, PPDP, RTA, TLCA, ...) and workshops, teacher of 4
schools for Ph.D. students, invited speaker to 25 international conferences and workshops. Moreover she has been the
leader of the Torino unit in international and national research projects.
The roots of Dezani’s scientific work are in Bo¨hm interest in exploiting combinatory logic and the λ-calculus as
paradigmatic programming languages, as witnessed by the earliest contributions [1,2]. Bo¨hm’s view of combinatory
logic and λ-calculus was algebraic: in this spirit is Dezani’s result of [22], where the invertibility of closed λ-terms
is characterized, a result which is at the hearth of subsequent studies of provable isomorphism and retractions in the
typed settings by several authors.
The shift from the realm of untyped to that of typed λ-calculus can be foreseen in a group of papers [15,22,26]
where type free λ-terms are classified with respect to their functional behaviour on normal forms. This classification
was turned into a suitable type inference in [36,37,45,48], leading to the extension of Curry type assignment system
known as intersection types assignment system. A fundamental result on such a system is in [54], where, together
with Barendregt and Coppo, the notion of filter λ-model is introduced for the first time. The latter work paved the
way to a number of studies by Dezani and others concerning the relation among syntax and semantics of the type free
λ-calculus: [61,182] to investigate how filter models can be seen as a concrete presentation of Scott D∞ models; [71]
on F-semantics; [73] on λ-theories; [153] on the approximation theorem; [157] on lambda trees; [179] on infinitary
terms; [178] on preorders over intersection types; [183] on easy terms and related issues; [189] on a characterization
of sets of terms with similar computational behaviours. And this is by no means a complete list.
Dual to intersection types are the union types, introduced in [108]: their theory appeared at first of minor interest,
because the finer expressive power of union and intersection types is conservative with respect to intersection types
alone when typing call-by-name λ-calculus. However things change when non-deterministic operators are added as
in [115] and call-by-value is considered as in [128], where a fully abstract filter model is constructed using union and
intersection types. The more recent interesting result in this research line is [211] which proves that the application of
a λ-term M to a fixed number n of copies of the same arbitrary strongly normalising λ-term is strongly normalising if
and only if the application of M to n different arbitrary strongly normalising λ-terms is strongly normalising.
The latter studies triggered new interests about concurrency and mobility as modelled by process algebras, pi -
calculus and the Ambient Calculus. In [134] and [161] the filter model technique is extended to the pi -calculus and
to the Ambient Calculus respectively. As types are useful to characterize the behaviour of terms in the theory of the
λ-calculus, this is also true in the case of mobile processes, e.g. with respect to their safeness [144] or use of resources
[171,173]. [195] explores the possibility of using types to catch compliance with policies in case of mobile processes
and ambients, and [223] studies session types to model deadlock free communication protocols. [224] proposes a type
system ensuring security properties for a calculus modelling networks of locations, where each location consists of
both a data tree (which contains scripts and pointers to nodes in trees at different locations) and a process.
Types play a role also in the foundation and pragmatics of object oriented programming languages. Dezani’s
contribution to this field has been concerned with typing of incomplete objects [133] and object reclassification [166].
More recently the work on typing objects intersected that of controlling communicating processes using types: this is
the case of session types for object oriented languages in [201,208,213,215,225].
Such a long lasting research activity has been accompanied by a large number of cooperations, so that the list of
her coauthors is quite long: they have been so far 67, from 12 countries and 4 continents.
Looking backward to her wide interests and contributions, one can recognize a line of thought that underpins
ideas and results obtained in a long and active scientific career: the constant search for those structural properties
of formal calculi modelling computation that can be expressed in a compositional manner, via systems of moderate
logical complexity as type systems are, that have revealed nonetheless to be extremely powerful in theory and useful
in practice. It is this successful approach that has led Dezani’s work in the past, and still constitutes the inspiration of
her research activity.
When Simona Ronchi Della Rocca began to work with Corrado Bo¨hm in 1970, she had just got her master in
Physics at the University of Torino. All her career has been in Torino, where she became Full Professor in 1987, and
is still leader of a research team on “Semantics of programming languages”.
The first period of her research activity has been influenced by Bo¨hm, and was concerned with data structure
representation and encodings, for which see e.g. [9]. But this was not the only theme suggested by Bo¨hm: his insistence
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on separability in the type free λ-calculus prompted the afore-mentioned work [33], together with Coppo and Dezani,
on separability in the D∞ model, which was followed by a further extension of the result to infinite sets of λ-terms in
[49] by Ronchi alone.
Investigations on typability began with the characterization of principal type schemes (Pts) for intersection types
in [63], and the discovering of a semi-algorithm to compute them [76,78]. Pts revealed to be useful to study the theory
of the filter λ-model in [53]. A relevant step in understanding typability w.r.t. the second order λ-calculus, or system
F , has been the characterization reported in [77], where it was also shown that there exist strongly normalizing terms
which are not typeable in the system. At the time it was unknown that typability in system F is undecidable: the
semi-algorithm in [91] has been for a while the only result on the algorithmic aspect of system F .
In [100] Ronchi began a systematic study of the relation between typed systems and their assignment counterparts,
which revealed that the standard erasure mapping from typed to type free λ-terms prevents any reasonable
correspondence; the latter can be saved by finer translations, and actually led to a hierarchy of assignment systems
which parallels Barendregt’s λ-cube, further investigated in [118].
Still on typability is the paper [107], where a bounded type inference and a bounded type checking algorithm have
been shown, both based on the study of the relationship between the typability of a term and the typability of terms
that suitably η-reduce to it.
Semantics and λ-models have been a point of major concern in Ronchi’s research activity. Concerning topological
models, namely Scott domains, a remarkable result is in [96], where it is proved that there exists a λ-theory which does
not admit any model in the category of domains. This incompleteness theorem motivated the investigation into dif-
ferent categories of models, namely qualitative domains in [86], via concrete presentations, i.e. as filter models. Con-
cerning the latter, [95] is an investigation into the theory of call-by-value λ-calculus (Cbv) using the same technique,
and establishing that there exists no fully abstract model for the calculus, satisfying some very natural conditions.
The work on Cbv opened a new line of thought, the “parametric λ-calculus” [193,138,192], building over the idea
that the Cbv can be generalized by taking different definitions of what is a “value”. The parametric λ-calculus has
been used as technical tool for studying the construction of filter models fully abstract w.r.t. some given λ-theories
[191], and new characterization of β-strong normalization, both in the classical and in the lazy λ-calculus [203,210].
On the other side, at the end of the century, Ronchi began to study linear logic, and to use it as a tool for designing
semantic models. This study led to a linear λ-calculus [121], as well as to a categorical model of Cbv in [111] and to the
study of additive coherent spaces in [125]. The study of linear logic turned her scientific interests in the direction of the
logical foundations of programming languages, using an approach based on the Curry–Howard isomorphism. In this
line she designed a logic corresponding to intersection type system [156], further explored in [204], and a Church’s
style version of intersection types [220]. More recently, she is working in the Implicit Computational Complexity
field, i.e. she is using Linear Logic, and in particular Light Logic, for designing type assignment characterizing
complexity classes. In [198,199] elementary computations are characterized, in [218] and [226] PTIME and PSPACE
are characterized, respectively. In the recent years, from 2002, she is the leader of the italian group working in Linear
Logic.
Besides the research in theoretical computer science, she is interested in science vulgarization (see e.g., [180,150,
205]), in Women Studies (she is member of the Association “Donne e Scienza”) and in Peace Studies (she is member
of the Scientific Committee of the Interuniversity Centre for Peace Studies (Torino), since 2000).
Ronchi is a scientist well known at an international level, and she has been an invited speaker and a member of
the PC Committee of numerous international conferences. Moreover she has been a teacher in some international
Ph.D. schools. She is a member of the TLCA Steering Committee, since 2007, and has been a member of the
LICS Organizing Committee, from 1992 until 2003. She is in the Council of AILA (Italian Association of Logic
and Applications), since 2000. She is a member of the Academy of Science of Torino, since 2001. She has been one
of the founders of the Italian Chapter of EATCS (European Association for Theoretical Computer Science) and she
has been a member of its Council from 1987 until 1997. Moreover she is the editor of TOCL (ACM Transactions on
Computational Logic), since 1999.
For further reading
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